Introduction
Adenosine is an important regulator of glomerular and tubular function [1] . A diuretic and saliuretic response to adenosine receptor blockade was reported in the 1980s [2] . This finding has been reproduced in rats [3] , dogs [4] , mice [5] , and humans [6] . As is reflected in the above citations, it is known that these effects are mediated through A 1 subtype of adenosine receptors (A 1 R), which are expressed in the pre-glomerular arterioles and at several sites along the nephron [7] . A 1 R blockade was shown to suppress proximal reabsorption, as assessed by renal micropuncture [8] and lithium clearance in the rat [9] . In addition to direct tubular effects, adenosine affects renin release, and studies in mice lacking A 1 R [10] [11] [12] and particularly micropuncture experiments with clamping of A 1 R activity [13] demonstrated that adenosine via activation of A 1 R mediates the tubuloglomerular feedback (TGF) response. The TGF establishes an inverse relationship between the salt concentration at the macula densa and the filtration rate of the same nephron thus coordinating tubular reabsorption and glomerular filtration.
Another class of proximal diuretics are the carbonic anhydrase inhibitors (CAI), which interfere with transport of NaHCO 3 and can reduce net proximal reabsorption by 50% [14, 15] . In the course of reducing proximal reabsorption, CAI also activate TGF, which causes GFR and renal blood flow to decline [15] . This negative impact of CAI on glomerular filtration, and therefore in diuretic activity, may explain why CAI never became first-line therapy for edematous conditions, notwithstanding initial enthusiasm in the 1950s [16] .
Based on the foregoing pharmacology, the present studies were conducted to determine whether concomitant A 1 R blockade would prevent the CAI, benzolamide (BNZ), from causing renal vasoconstriction, thereby making BNZ a more suitable and effective diuretic, and to test for qualitative differences in the effects of A 1 R antagonist and BNZ on proximal reabsorption.
Materials and Methods

Animals
Animal experiments described herein were conducted in accordance with the NIH Guide for the Care and Use of Animals in Research. The protocols were reviewed and approved by the Institutional Animal Care and Use Committee of the VA San Diego Healthcare System. Adult male Wistar rats (Simonsen Laboratories, Gilroy, Calif., USA) weighing 300-350 g were maintained on standard rat chow and tap water until the day of the experiments. Experiments included either whole-kidney measurements or in vivo micropuncture.
Surgical Preparation
Whole Kidney. Rats were anesthetized with thiobutabarbital (Inactin , 100 mg/kg i.p.; Research Biochemicals International, Natick, Mass., USA) and placed on a thermostatically controlled surgical table to maintain body temperature at 37 ° C. Catheters were placed in the trachea (PE-240) and in the left jugular vein (PE-50) for infusion of saline, vehicle and drug. The right femoral artery was catheterized (PE-50) for collection of blood and for continuous measurement of mean arterial pressure (MAP). Quantitative urinary collection was by a catheter (PE-50) inserted into the bladder. The left renal artery was separated from renal vein through a midline incision of the abdomen plus a flank incision. The left kidney blood flow (RBF, ml/min) was monitored by a perivascular ultrasonic transit time flow probe (Transonics T206, Ithaca, N.Y., USA) connected to a computer for continuous recording. Two-kidney glomerular filtration rate (GFR, ml/min) was measured by urinary clearance of [ 3 H]-inulin administered in Ringer's saline (5 Ci/ml at 1.5 ml/h). Delivery of sodium to the macula densa was measured by clearance of lithium which was administered as a 4-mg i.p. bolus of LiCl given at the onset of anesthesia and followed by a continuous infusion (2.1 mg/h, i.v.). After the surgical preparation, the animals were allowed 120 min to stabilize.
Micropuncture. Thiobutabarbital anesthesia, placement of vascular and bladder catheters, and monitoring were as described above for the whole-kidney experiments. In addition, the left kidney was prepared for micropuncture by exposure through a left flank incision, placement of ureteral catheter (PE-50) immobilization in a Lucite cup, and superfusion with warm saline according to an established protocol [14] . Animals were maintained in a hydropenic condition by infusing Ringer's saline at 2 ml/h. [ 3 H]-inulin was added to the Ringer's saline at 80 Ci/ml as a marker of glomerular filtration. After preparation was complete, 1 h was allowed for stabilization prior to beginning micropuncture.
Experimental Procedures
Whole Kidney. Data were obtained from each animal during each of two experimental periods. Control data were obtained during the first period. Then animals were administered bolus injections of either the CAI, BNZ (5 mg/kg i.v., n = 6), A 1 R blocker, 8-(noradamantan-3-yl)-1,3-dipropylxanthine (KW3902 (KW); 0.3 mg/kg i.v., n = 7), or BNZ and KW3902 (n = 7). KW3902 was delivered in a proprietary lipid emulsion [17] . BNZ was administered in isotonic sodium bicarbonate. Animals not receiving KW3902 or BNZ received the appropriate volume(s) of vehicle(s) as placebo. Data collection for the second period was begun 5 min after the drugs were delivered.
Each period lasted 40 min during which time urine was collected to determine urine flow rate, sodium excretion (U Na V), lithium excretion (U Li V), and GFR, while RBF was continuously recorded to determine its average. Blood samples were taken at the beginning and end of each period to obtain the plasma inulin and lithium concentrations necessary for clearance calculations. During the second period, additional Ringer's saline was infused to offset the increase in urine volume.
Lithium clearance was used as a marker of salt delivery to the macula densa region of the nephron. Lithium is filtered at the glomerulus and reabsorbed by the proximal tubule and Henle's loop in rough proportion to sodium [18] [19] [20] .
Micropuncture. The purpose of these experiments was not to confirm that KW3902 and BNZ inhibit proximal reabsorption, but to determine whether they do so by different mechanisms. The strategy for this was to make timed tubular fluid collections from random points along the proximal tubule, measure the volume and tubular fluid [ 3 H]-inulin concentration to determine reabsorption of water up to that point, and use differences in the tubular fluid to plasma chloride concentration ratio as an index of the dependence on active transport of bicarbonate versus chloride as the driving force for water reabsorption. More details are provided in the Results section. Several such tubular fluid collections were made from each of 13 animals during each of 2 or 3 experimental periods. The first period served as control. Prior to the second period, animals received either a bolus injection of KW3902 (0.3 mg/kg i.v.) or bolus (5 mg/kg i.v.) followed by continuous infusion (5 mg/kg/h i.v.) of BNZ. Prior to the third period, animals already receiving BNZ were administered KW3902. All data for an experimental period were collected within 60 min of the start of that period. Quantitative collections were made into glass micropipettes of 9-11 m diameter at the tip. To initiate collection, a small amount of mineral oil stained with Sudan black was injected into the tubule from the collection pipette, suction was applied momentarily to break surface tension at the pipette tip, then maintained only as needed to keep the oil block from migrating downstream. The volume of collectate was determined by transfer to a hollow-bore pipette of known diameter and measuring the length of the fluid column. Approximately 1 nl of each collection was then removed to determine its chloride concentration (samples were measured in duplicate) and the remainder counted for [ 3 H]. The total CPM in each collection was adjusted for the amount of fluid removed to measure chloride.
Analytical and Data Analysis
Urine sodium and plasma chloride concentrations were measured using the Synchron LX20 Pro (Beckman-Coulter, Inc., Fullerton, Calif., USA). Urine lithium concentrations were measured using atomic emission spectroscopy (Quest Diagnostics, Willow Grove, Pa., USA). Plasma lithium concentrations were measured by spectrophotometric method according to the manufacturer's instructions (Thermo Electron, Louisville, Colo., USA). Tubular fluid chloride concentration was determined by the electrometric titration method of Ramsey et al. [21] as modified by Windhager and Giebisch [22] and as previously utilized by our laboratory [23] . Urinary flow rate was determined gravimetrically. GFR and single-nephron GFR (SNGFR) were determined by [ Statistical comparisons were performed by analysis of variance with repeated measures, when appropriate. Analysis of variance, multivariate and linear regressions were done using proprietary software (Systat, SPSS Inc., Evanston, Ill., USA). Statistical significance was set at p ! 0.05. Statistical tests on lithium clearance and fractional excretion of lithium were done on log-transformed data. This was necessary because a large coefficient of variation for normally distributed plasma lithium skewed the distributions toward high values for those parameters built from ratios with plasma lithium in the denominator.
Drugs and Solutions
BNZ was a gift from Dr. Thomas Maren. KW3902 was provided by NovaCardia, Inc. (San Diego, Calif., USA).
Results
Whole-Kidney Experiments
Renal Hemodynamic Effects ( fig. 1 ). Neither BNZ or KW3902 affected blood pressure. KW3902 caused a minor increase in heart rate ( table 1 ). BNZ caused GFR to decline (2.70 8 0.38 to 2.44 8 0.34 ml/min, p ! 0.05), while KW3902 caused GFR to increase (2.56 8 0.16 to 3.08 8 0.20 ml/min, p ! 0.05). When both drugs were given together, there was a non-significant tendency for GFR to increase (2.41 8 0.25 to 2.70 8 0.19 ml/min, NS). BNZ also caused RBF to decline (7.02 8 0.40 to 5.93 8 0.44 ml/min, p = 0.001). KW3902 did not affect RBF (6.61 8 0.37 to 6.58 8 0.24 ml/min, NS) over the clearance period, although it caused a momentary increase in RBF not observed with placebo. When both drugs were given together, RBF declined (6.76 8 0.34 to 6.02 8 0.24 ml/ min, p = 0.002). Overall, BNZ and KW3902 had opposite effects on renal hemodynamics and their effects were additive.
Urine Flow Rate, Sodium Excretion and Lithium Clearance ( fig. 2 ). Both KW3902 (5. diuretic effects being additive (7.2 8 1.3 to 54.0 8 8.8 l/min for the two given together, p = 0.001). Both KW3902 (0.39 8 0.09 to 4.14 8 1.4 Eq/min, p = 0.03) and BNZ (0.68 8 0.34 to 7.01 8 1.64 Eq/min, p = 0.005) caused significant increases in net urinary sodium excretion. The natriuretic effects of KW3902 and BNZ were additive (0.72 8 0.27 to 11.45 8 1.96 Eq/min for the two drugs given together, p = 0.005). Additive effects on the fractional excretion of sodium also occurred as manifest by normalizing sodium excretion to GFR (in Eq/ ml): KW3902 (0. Proximal Reabsorption ( fig. 3 ). For present purposes, net proximal reabsorption was taken to be the difference between GFR and C Li and fractional proximal reabsorption was taken as the difference between unity and the fractional excretion of lithium (FE Li ). Glomerulotubular balance (GTB) confers a strong dependence of net reabsorption on GFR. Hence, confounding changes in GFR must be accounted for when testing for direct effects of a drug on tubular reabsorption. The combination of BNZ and KW3902 increased GFR and reduced net proximal reabsorption. Therefore, it is safe to conclude, without further analysis, that the combination directly inhibited proximal reabsorption. BNZ, alone, reduced net reabsorption, but also reduced GFR. An inhibitory effect of BNZ on proximal reabsorption is confirmed by a decline in fractional proximal (lithium) reabsorption because simultaneous declines in GFR and fractional reabsorption cannot be explained by GTB. The proximal tubular effect of KW3902 was confounded by its impact on GFR such that KW3902 increased C Li without reducing net proximal reabsorption (of lithium). Indeed, KW3902 significantly increased FE Li such that KW3902 appeared to be a proximal diuretic when GFR was treated as a traditional covariate. However, implicit in the null hypothesis for analysis of covariance is an assumption equating GTB with constant fractional reabsorption. Logical reasoning can invalidate this assumption since fractional reabsorption must approach unity at low GFR and zero at infinite GFR. To confirm that KW3902 was a proximal diuretic it is necessary to compare the observed decrease in fractional reabsorption to the expected decrease linked to GTB. This was done by assuming that the fractional reabsorption overestimates, by 25%, the efficiency of GTB, as previously shown by micropuncture [24] . By this more stringent criterion, KW3902 still appeared to be a proximal diuretic in all but one animal ( fig. 3 , bottom panel) .
Micropuncture Results
Analysis was performed on 137 tubular fluid collections with apparent tubular fluid/plasma inulin (TF/ P inulin ) ranging from 0.93 to 3.32 and apparent TF/P chloride from 0.91 to 1.34. KW3902 caused SNGFR to increase by 25% over control (p = 0.021 after Tukey adjustment for multiple comparisons), while BNZ had no apparent effect on SNGFR ( fig. 4 ) . The experiments were designed to tap a wide range of fractional reabsorption rather than to confirm that KW3902 or BNZ are proximal diuretics. Nonetheless, a diuretic effect was confirmed for BNZ by two-way analysis of variance (p = 0.01), although no pairwise inter-group comparison remained statistically significant after Tukey correction. TF/P chloride was significantly greater than unity in all groups, greatest in controls, least in BNZ, and intermediate in KW3902 and BNZ + KW3902 ( fig. 4 ) . By two-way analysis of variance, the overall effect of BNZ was significant (p = 0.008) as was the tendency for addition of KW3902 to lessen the impact of BNZ (p = 0.014). A standard general multivariate linear model (GML) was applied to test for differences in the mechanisms whereby BNZ and KW3902 affect proximal reabsorption. The basic notion is that there are two major mechanisms that drive proximal reabsorption. One of these two mechanisms begins with active reabsorption of bicarbonate, which lowers mixing entropy to drive passive chloride reabsorption [25] . Evidence for the primacy of this mechanism is that it causes TF/P chloride to rise above unity. The second mechanism lumps together active reabsorption of chloride by various apical anion exchangers [26] . This mechanism operates without raising the TF/P chloride. While both mechanisms affect chloride reabsorption, a diuretic that selectively inhibits bicarbonate reabsorption will increase the total amount of chloride transport necessary to reabsorb a given amount of the filtered water. Hence, GML was used to test for effects of BNZ and KW3902 on the degree to which proximal reabsorption depends on chloride ( fig. 5 ). Two versions of the model were tested. In both versions fractional chloride reabsorption (FR Cl ) was the dependent variable while KW3902 and BNZ were categorical factors. In one version of the model (version A), fractional reabsorption of volume (FR volume ) was treated as a continuous independent variable and in the other version (version B) this role was assigned to TF/P inulin . The reason to test both versions is that they will introduce opposing biases when the distributions of values for the independent variable are skewed differently between the groups. For example, version A is prone to progressively overstate the dependence on chloride at high reabsorptions, whereas version B is prone to progressively understate the dependence on chloride at high reabsorptions. These nonlinearities arise from solute-solvent coupling, the predilection for bicarbonate reabsorption to precede chloride reabsorption in the S1 segment, and because the derivative of chloride reabsorption with respect to TF/P inulin comes to vary as the inverse square of TF/P inulin as the bicarbonate declines. These nonlinearities are visible in figure 6 , which was generated by algebraic rearrangement of the transport profile for an idealized proximal tubule adapted from a medical textbook [27] and the original work of Rector [25] . Furthermore, to bring the data into compliance with the assumptions of GML, the model was restricted to data where 1 ! TF/P inulin ! 2, which gave comparable distributions for the independent variables between the groups. Hence, 91 of the 137 tubular fluid collections were included in this analysis.
Both versions of the model gave similar results, albeit at different levels of certainty (see fig. 5 ): BNZ caused a 
Discussion
These studies examine individual and combined effects of two putative proximal diuretics. One of these (BNZ) is a CAI and the other (KW3902) is an A 1 R antagonist. The studies were motivated by interest in two areas. First, we were interested in learning whether one can prevent a CAI from lowering GFR by blocking the A 1 R-mediated TGF response. Second, we were interested to learn whether the diuretic effects of CAI and A 1 R blockade are additive or redundant. The novel findings are that: (1) systemic A 1 R blockade acutely increases GFR; (2) A 1 R blockade and CAI exert opposing effects on renal hemodynamics that are essentially additive; (3) a TGF stimulus is not necessary for A 1 R blockade to increase SNGFR; (4) A 1 R blockade and CAI are additively diuretic/natriuretic, whereas their effects on C Li are less than additive, to wit, they are redundant; (5) given alone, A 1 R blocker or CAI both increase the relative contribution of chloride transport to overall proximal reabsorption, whereas in the presence of CAI, A 1 R blockade reduces the relative contribution of chloride to overall proximal reabsorption. The implications of these findings for kidney physiology are discussed in the following paragraphs.
Effects on Glomerular Filtration
CAIs activate TGF [15, 28] and have been recurrently exploited for the purpose of studying TGF [29] [30] [31] [32] . It was recently shown, however, that absence of a functional TGF mechanism does not prevent the reduction in GFR or RBF caused by BNZ in the A 1 R knockout mouse in which BNZ acutely stimulates renin release [33] . In the present study, KW3902 increased GFR, BNZ decreased GFR and combining them left GFR unchanged. Quantitatively, the result of combining KW3902 and BNZ appeared quite close to the vector sum of the two individual effects, which is the result one would expect if the two agents had affected GFR independent of one another. But this result might also arise by coincidence if KW3902 were only partially effective at blocking TGF and managed to block just enough of it to obtain this outcome. It is not possible to attach a p value to the likelihood of such a coincidence and, overall, the clearance data support a hypothesis of independent effects, which is quite opposite to our original working model.
As illustrated in figure 1 , there appears to be a dissociation between GFR and RBF as GFR increased with KW3902 alone and with KW3902 + BNZ, while RBF did not. This implies increased ultrafiltration pressure during KW3902 since GFR cannot be increased by raising the glomerular ultrafiltration coefficient in hydropenic rats [34] . To raise ultrafiltration pressure at constant RBF requires simultaneous afferent arteriole dilation matched with efferent arteriole constriction. Blocking A 1 R should dilate the afferent arteriole without doing anything directly to raise efferent resistance. But A 1 R, on JGA cells, tonically inhibit renin secretion when the macula densa flow rate is not low and A 1 R blockade in this setting will de-repress renin leading to angiotensin II-mediated efferent constriction [35] . The time for a renin-angiotensin response to develop is on the order of 2-4 min [36] , which is longer than the time required for KW3902 to directly reverse adenosine-mediated afferent tone. The disparate kinetics of these two events likely explains the transient increase in RBF with the KW3902 bolus that disappeared after 3-5 min. Less angiotensin II is required to affect the glomerular hemodynamics than to raise the systemic blood pressure [37] which was unaffected by KW3902. 6 . FR Cl as a function of FR water or TF/P inulin for an idealized proximal tubule. Curves were generated by algebraic rearrangement of a figure published in several textbooks based on original work by Rector [25] . The point is to show that the two linear statistical models presently employed are subject to opposing biases that can be discounted if both models yield the same result. Fig. 7 . BNZ blocks selectively the luminal carbonic anhydrase, which increases dependency of water reabsorption on chloride reabsorption due to (1) loss of bicarbonate reabsorption with subsequent (2) decreased passive (paracellular) chloride reabsorption but (3) stimulation of active chloride reabsorption through chloride/formate exchange (CFEX) following luminal acidification. Our hypothesis for the effects of KW3902 is that it may increase dependency of water reabsorption on chloride reabsorption, but to lesser extent than BNZ due to weak inhibition of NHE 3 , which lowers H + secretion, leading to (A) a decrease in bicarbonate reabsorption but also to (B) a weak decrease in chloride/formate exchange. When the drugs are administered together, there would be greater inhibition of NaHCO 3 reabsorption and decreased passive chloride reabsorption (due to BNZ) but the chloride formate This model would allow KW3902 to dissociate increases in GFR from RBF under some circumstances, but not others, depending on what the relative activity of the various renin controllers in a given circumstance. For example, KW3902 clearly increases both GFR and RBF in humans with congestive heart failure [38] . While the hypothesis herein outlined is the most plausible explanation for dissociating GFR from RBF during A 1 R blockade, actual proof of this is beyond the scope of the current pro ject. There is additional suggestion from the present micropuncture data that our current understanding of A 1 R in the control of glomerular hemodynamics is incomplete and that A 1 R in the glomerular microvessels may be activated independent of TGF. In these experiments, TGF was rendered inactive by the method of collecting from the proximal tubule to measure SNGFR. As a result, BNZ, which reduced whole-kidney GFR, had no effect on SNGFR. Meanwhile, KW3902, which was expected to have no effect on SNGFR in the absence of a TGF signal, actually brought about a major increase in SNGFR. Therefore, while A 1 R are essential to the TGF response [10, 13] , TGF appears to not account for all A 1 R-mediated vasoconstriction in the glomerulus. This is a novel conclusion but should not be surprising since most renal epithelia appear to secrete ATP [39] , and since ecto-5 -nucleotidase is active in and around the glomerulus [40] . It is possible that the macula densa continues to secrete ATP at a low level even when there is no flow in Henle's loop.
Effects on the Tubule
Both BNZ and KW3902 increased urinary excretion of sodium and water and their effects were additive. Furthermore, both agents increased C Li , which is a rough measure of delivery up to the macula densa. But unlike the additive effect on sodium and water excretion, the effects on C Li were redundant. This combination of effects on sodium excretion and C Li implies that one or the other agent(s) must inhibit reabsorption in the distal tubule or collecting duct. In all likelihood, this falls to KW3902 in the collecting duct, since A 1 R blockers are reported to have potassium-sparing effects [41, 42] . Questions also arise from the clearance data as to whether KW3902 is, in fact, a proximal diuretic. There is no doubt that BNZ inhibited proximal reabsorption, since there is no other way to reconcile the simultaneous decrease in GFR and increase in C Li that occurred with BNZ. The direct impact of KW3902 on proximal reabsorption is less obvious, however, since KW3902 increased GFR and, all else remaining equal, increasing GFR will increase C Li .
The proximal tubule is a nearly isosmotic transporting epithelium across which glucose and bicarbonate ions manifest a higher reflection coefficient than chloride ions [25] . Hence, when glucose and bicarbonate are reabsorbed, the TF/P chloride rises. Given a 5-fold molar excess of bicarbonate relative to glucose, elimination of the transtubular chloride gradient by BNZ is not unexpected.
These micropuncture experiments were not designed to confirm that KW3902 and BNZ are proximal diuretics. Instead, they were designed to shed light on their mechanisms and interactions in the proximal tubule. Given the tools available to us, we chose to describe changes in the amount of chloride that must be reabsorbed to accomplish any particular amount of overall fluid reabsorption. Changes in the dependence of overall reabsorption on chloride will mirror changes in the ratio of chloride reabsorbed to bicarbonate + glucose that is reabsorbed. Given alone, either BNZ or KW3902 increase the chloride dependence of proximal reabsorption, possibly for different reasons ( fig. 7 ) . By blocking the luminal carbonic anhydrase only [43] , BNZ suppresses active reabsorption of sodium bicarbonate, and at the same time, it acidifies the tubular lumen, thereby providing a direct stimulus for chloride reabsorption via the chloride-formate exchange mechanism (CFEX) [44, 45] . BNZ is a potent proximal diuretic because it is a strong inhibitor of bicarbonate reabsorption, which is normally responsible, directly or indirectly, for most of proximal reabsorption. Whatever proximal reabsorption does occur in the presence of BNZ should be more dependent on CFEX, which it activates. KW3902, on the other hand, not being a CAI, is not expected to acidify the tubule or to activate CFEX while it inhibits reabsorption. Data on the mechanism whereby A 1 R activation stimulates proximal reabsorption are not wholly convincing, with arguments having been made for activation of the apical sodium-hydrogen exchanger isoform-3 (NHE 3 ) [46, 47] or the basolateral sodium-bicarbonate co-transport (NBC1) [48] . The former seems likely based on the fact that NHE 3 is the control point for the major hormone (angiotensin II [49] ) and neurotransmitexchanger would be partially inhibited (due to KW3902). This would lead to a decreased dependency of water reabsorption on HCO 3 -but only a limited ability to shift dependency of water reabsorption to chloride through CFEX or chloride/oxalate exchange. Water reabsorption would be more dependent on nonbicarbonate and non-chloride reabsorption than when either drug is given alone. ter (norepinephrine [50] ) that stimulate proximal reabsorption. Inhibiting NHE 3 will suppress bicarbonate transport and CFEX to varying degrees, but will leave intact reabsorption mediated by chloride-oxalate exchange and sodium-glucose co-transport (SGLT). NHE 3 blockade inhibits proximal reabsorption of sodium more so than of chloride [23] . Based on the overall response, KW3902 cannot be a strong inhibitor of NHE 3 , but owing to the primacy of bicarbonate reabsorption, inhibiting this, even slightly, will increase the overall chloride-dependence of residual reabsorption, which likely explains the intermediate increase in chloride dependence with KW3902. But when bicarbonate transport is previously eliminated and CFEX activity previously increased by BNZ, the only thing left to be accomplished by KW3902 is to offset the increase in CFEX, which will, in turn, accentuate the relative impact of whatever mechanisms for reabsorption are left over. This would likely be SGLT and chloride-oxalate exchange. Whether or not this turns out to be an accurate accounting of the mechanisms whereby KW3902 exerts contrary effects in the absence or presence of BNZ, it is the simplest explanation of the micropuncture results that takes into account what is known about the physiology of proximal reabsorption.
A problem remains to explain how, if KW3902 is a proximal diuretic, adding KW3902 to BNZ increased the GFR versus BNZ alone, without increasing the C Li . The answer presumably lies in the thick ascending loop of Henle (TALH) where locally-derived adenosine serves as a negative feedback inhibitor of NaCl reabsorption [reviewed in 1 ]. Since NaCl reabsorption in TALH increases markedly during CAI [51] , BNZ will heighten the activity of this braking system. To the extent that lithium reabsorption spills over to the TALH, this will temper the effect of the higher GFR on C Li . Perspectives A 1 R are being developed as diuretic therapy for edematous conditions. CAI are potent diuretics, but never caught on as therapy for edematous conditions. There are any number of ways to inhibit TGF by paralyzing the afferent arteriole with agents such as calcium channel blockers or K-channel activators. However, as predicted by the Guyton model [36] , there will be no lasting benefit, vis-à-vis negative salt balance, from any vasodilator except to the extent that such vasodilator is selective for the kidney. Since the kidney is the only peripheral organ expected to vasodilate in response to A 1 R antagonists, these A 1 R antagonists have obvious therapeutic potential. The present data aid understanding of the role of A 1 R in proximal and distal reabsorption but also as a mediator of renal hemodynamics. In addition, our data highlight a role for A 1 R antagonists as diuretics, not only alone, but as agents to increase the diuretic efficacy of other proximal diuretics.
